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. ERRATA

i p.vlll_line6 changetoWing Upper Surface

i_; p. 2s lines I through # deletel add "Durln8 the |PSA portion of the NAIL/i,

:_: programs surface static pressureswere measured aJ
i follows on both the Inboard and outboard engine

:i Installations:

i! • Internal and external Inlet surfaces -<! • Engine core cmvllng
S • lon

• Neighbor_n_upperand !o_er_,Ingsurfaces

I:
_: A data base at.these locations waJLacqu_edl.at Math
_' numbers 0.71j 0.g0_ O;g6t arid"G;9! thrOu_ three te._f

f.gh."

p. 3sllne ;P change NAS[ to NAS[

p. 6_|Ine [ [ change _9_ to _7 and 322 to 3g@

p. 10t insert m free stream value '

Cl angleof attack

total temperature ratio at engine facet

eT2 TT/TSL5
_ a_r density, slug/ft3

8 •circumferential poSltlonj degrees

. _TI total _essure ratio _ engine t_e, PT/PSI.Si p. 10_llne 20 add SUBSCRIPTS after T2 and b_ore

_i: p, 10_line 22 change "pylcn_core cowl lnl!ersectJon• to "pylon-_atl
-_ cowl Intersection"

_ :l": _. l I & 12, line ! change "pylon-fan cowl Intersection" to "pylon-core
_: cowl -|ntersectlOn"

:: p. le, flgure$ , _t top of photograph, obliterated caliouts ate
• .BL 809_ g_t_ and 870t readln_ left t_ right

" '0

±_ p. l_ figure 6 ca|loutS readln_ from top to bottom In lower left-
hand cornerare
Inboard ¢Lleron
Trailing-edge flaps
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/:;! p. 2.S,figure 9 In table for outboardenslne(No. 4) chansothe Point
"'' T NAC STA valuefrom 216.12to 206.10

.... I:"

_:'_ delete "Side View" from overbulletod Items

_i_ In upper rlsht handcorner_change "2°" callout to"2-de8 pltch-uF_

p. 28, line 2 change to "...up to 2 deg relative to the WRP
(fla. 9)."

p. 25, _ine10 chanse to m...WLTfor each engineuslns dlstances
g_venl_ figure 9,"

p. 28, line 17 add after %.or. W.BL8:_.outboarcf."-,T_s reference
, nacelle station Is labeled NAC 5TA In flguee 9._

Is. 27, _able Ae In table_ ch_ge 3Ol.07 ¢m (l IS.53 In) to 30i.056 cm
(l _8._26In)

underrEXT/Lk (firstpartof table)¢ha_gevaluesto
0.2S69
0.2S_9 - .-
0.2829
0.2812
0.2799 ;Ii
0.2781
0.276_
0.27_7
0.27J0

" 0.270S
0.2696
0.2662
0.2631F

": and lrt secor_dco)utah t'EXT/Lk cbant_e0.2327 to0.2)30

p. J_, table 7 char_gecaJtoutM to G (upperfelt-hand corner)

chanSeCm : 206.050cm (81.13_ In) to C8 : 206.080cm($I.Z3"Z_In)

X,Y = 0 _m to X,Y = 0 at G

, changefirst llt_eof table to

X/Cg Y/C8 ,Z/Cg

p. 36,tables In INBOARD ahd OUTBOARD tables Interchanse

_,ii.:' Y/Cn andZ/Ctt hea_nss
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p. 37, table 9 In INBOARD and OUTBOARD tables Interchange
Y/C n_ndZ/Cn headinSs

p. 38a_bt table 10 replacewith two newposes

p. 39t table 11 delete 0.27_0 and0.VT_0underWBL VV_tUPPERand
closeup

p. Vl,.table 13 change NAC WL 180 tO NAC WL IJ$ and chanie
NAC WL 1_ to NAC WL 150

p, _3t figure 21 change, title to Accelerometer _nsta}latIerr (Thcust
Llnk)

p, 61, figure 33 llne iV, add "Surge valve bleed,posltIo#' In second
co}utah

P. (_qtline g chan&eMC and VC to readMD a_d VD i

p. 73t table 19 replace
I

p, $8_line 22 change10 ft/s tO _ tt/s i ._

.w !!

-:. APPENDIX A _!

A-6, table A-2 delete EngineVcalloutandboxeddata ,!

A-26, table A-22_line V changeCONDITION I11_l.Bg to CONDITION 117_ , ,_
' 1.6g

i:, A-28_table A-2V_llne _ change CONDITION 121_ l._g to CONDITION 121, _ I

:_ A-8_ figure A-J}6 replace . _
I' !

A-$/, f_}ure A-_la replace
_ A-$9, figure A-_I replace !

.A-97_figure A-6a replace

A-9$t figure A-69 replace .....

APPENDIXB
o

B-IO_figure 13-1 delete data point at 1.25on 090-degplot

" delet6 data point between 1.2_ and 1._0on l_0-deg
plot

.,._ B-I 1, figure B-i deletedata pointsbetween1.2_and 1.7_
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B-12, figure 5.1 delete data pointsbetween1.25and 1.7;)

B-l J, figure 5.! delete data points between1.00and l._O
L

5-29pfigure 5.2 delete data pointsbetween1.21and 1.7t

5-10, figure5-2 delete data pointsbetween 1.2:1and IJO o_ 090-deI
_i plot

_!I ' delete data pointt between 1.25 and I.:50on UO-det
I plot -

• i 5-Jl, flgure 8-2 deleteda_apoints between l,_(_and 1.75

:_i 5-32, |Igufe 13-2 creletedata po_ts between 1.00and 1.7_

•:i g-331tJ_re 13.2 delete dateL_ott_t$between1.00a_d 1.75

?_ 5-q9_ figure 5-; delete data points between 1.25 ant) 1,75

=':_I 5-:50;figure 5-3 delete data point at 1..21

5-I1_ figure I_) delete data pointsbetween1.00and I.t0
....__,?
_, 5-t2, flsure B-3 delete data pointsbetween1.25and 1.75

-_ _ 5.$3, figure B-J delete data pointsbetween 1.00 and 1.7_

•_ 5.$_, figure 5.3 delete data pointsbetween1.00and t..7_

- 5.8J1throuKh13-87r figure B-$ delete local Mach= 0.0 data points

• _ : 5-$9_ figure5-_ replacegraph .

0_)i 5-91_ fliure 5.:; WBL870, replace graph .

5-101 thr,ugh 5-10_ figure 5-I delete lo¢_dMach= 0.0 data points

_ 5-10_;, fl_ure 5.5 W_L _70_replace graph

:_i,:, l)-11_;throuKh8-11_1,flsure 5-7 delete local I_lachz 0.0 data.polnts

* : _-121_.fl_e _7 %VgL_70i replace_aph
, I

5-131, figure 5-$ WBL$10, replacegraph

• , MICROFICHE

Replaced entirely
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FOREWORD

t This document constitutes the test report of work conducted under NASA contract

NASi-l_32_ t_om October 1979 through November 1980. The contract was managed by

the NASA Enersy Efficient Transport Office (EETPO), headed by Mr. R. V. Hood-a p_t

of the Alrcrtdt EnerEy Efficiency (ACEE) proSram organization at the Langley Research

Center. Mr. D. B. Mlddleton and Mr. K. W. He|sins were the technical monitors for the

contract. The work was performed within the Vlce-Prasident.Engineering and the Vice-

PPeeldent-Fl|Sht Operattens communizationsot the BoeinE Cemmecdal Airplane Company.

Key contractor personnelresponsiblefor the contract work were= i

I I

G. W. Han_ F, 3. Davenport

Program Manager Structures Tech_otogy i

R. L. Martin F.W. Mcliroy

Pt'oject Manager Flight Test it_trumontatton !i
Ji

K. H. Dlckenson C.D. l_eard i
!

Structures TechnoloSy FJJShtTest Instrumentation ,
• +:

W. R. Lambert E.L. Wallace I;

Propulsior_Technolosy FUght Test Analysis !

+

W. F. Wilson R, D. LaBounty ,

Flight Test Operatiens _ndustr:alEn_eerin s Flight. Test Support :

B. W. Far-qul_.. B.G. Ske_ton

Propulsionl'ech_olosy Flight 1'eat andCrew l'ral_ng Support

Resu}t_ of .th_tetal _oSram, indutttng at_lysLqof the teit data contained In this report,

will be pcovided in a separate NASA contractor report,

Tt_e test e/J_Pt _as conducted in cooperatJon with the Pratt and Whitney Aircraft

Compahy, who were suppat'ted by the NASA Lew_s Research Center u_der Contract
NASJ-206J2.

= PRECEDINGPA(3£ BLANK N(_" FILMED
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. ,,l, Pr|nclpal me_urementa and c_Jcul_tionsreed dudnEthese stud|eswere in customary 1
?.._.._. units,
,-.:).iZ_.

k_

11
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hO SUMMARY

The Nacelle Aerodynamics and Inertial Loads (NAIL) program comprised a _eries of test

flights that produced an ln-fiJSht measured data base of the aerodynamic and inertial

loads imposed on risht-hand inboard and.outboard 3TgD ensines installed on the Boein8

7_7 RA00t test bed aircraft, WInS and engine installed performance data were also

obtained. In this report the aerodynamic and Inertial loads portion of the test prosrsm is

referred to as the flltiht loadsj and the wins and ertslne l_stalied performance portion b

referred to as the Installed proputslon system aerodynamics (IPSA).

Durinl_ the f_ht loads portion of the test proSramt surface static pressures were i

measuredon the:

• Internal and external surfaces of the inboard inter

• External surface of the fan cowl doors of the inboard.nacelle

• External surface of the fan exhaust sleeve of the inboard nacelle ,

• Internal and external surfacesof the outboard inlet

Linear accelerations and pitch and yaw rates Were also measured on both inboard and

outboard nacelle and pylon installationS.

The foltowir_ measurements were made simultaneously with the surface static pressure
measuremenl:s:

• Engine clearance char_es on both inboard and outboard engines

• Turbine case teml_erature oh.the inboard engine

• Ermine performence on both IN:_ard and outboard ensines

The resulting data were c_rrelated with the fight loads. These measurements-

• Duplicated a pOrtioN of the airplane fllEht acceptance test profile

e. Demonstrated the effects of variations in takeoff gross weight

• Illustrated the effects of high-8 maneuvers

E. o o - , .-..... . . _ .................. - .........._- •....-: ..__'. . _,-c_.._-:_Z..,
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During the IPSA portion of the NAIL proEram,surface static pressureswere measuredon

the nacelle, pylon_and nelghborinE wine surfaceson engines 3 and _ (inboard and ._

outboard). A data basewas acquiredat Machnumbers0.77, 0.80, 0.86, and 0.91 through
three flights of the RA001.

Pressurecoefficient and local Mach number.dlstrlbutJonswere plotted for each row of
pressureorLftces. A geometricaldescriptionof the surfacesandpressureorifice loca_ons

on the nacelle, pyion_and.wins is provided'. The IPSAdata I:_se,derivedfrom a.fut|-scate

fLt_ht v_Icie, shouldassis_M verLflcation and cleve_ent e£.anaiytic_| moctelsand.

eventuallyprovide the abi.Utyle pred.ictwir_-mount_d•_,opul_onsystemperformance,

t I
lq

i,
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2.0 INll_ODUCrloN 'i
i

The test program recommended In the feasibility study (ref. I) describes a flight test In

which flight loa_ and engine clearance changes can be measured simultaneously on the

7_7/3TgD engine Installation. NASA-Langley and NASA-Lewis Research Centers author- ,

ized and joint4y funded this program under separate contracts for Boeing Commercial

Airplane Company (BCAC) and Pratt & Whitney Aircraft. (P&_A). The BCAC effort,

Nacelle Aerodynamic and Inertial Load¢ (NAIL) project, wu fundecLby NASA-Langley

uoder Task _,3 of co_tract NASI-i_32_, The P&V/Aeffort was funded by NASA-Lewis

ul_derTask V_ :ITgD Engir_ Diagnostic Flight Loads.Test prosram, contract. _$3-20_32.

'* ': Subsextuentty,.the BCAC contract was revised to include the Installed propulsion system.

. i aerodynamics (tPSA) effot't. The successfulcompletion of this j..ointtest _£egrarrtwa_ ortly

possibletJ_rcu4gbthe continuous and extensive coordtnattoctbetween BCAC and' P&WA and ,.

"-'_ the excellentcooperationofthe NASA.Langleyand NASA-Lewls ResearchCenter_ Thls ,.:

:.:;_ document reports the BCAC effort during the test program and represents early release "

-_ of flight test data.
..... ; ;

_ '_e testing was conducted on the Boeing-owned 7t_?RA00i test bed airplane during the Ii
_i} concurrent 767/3TgD-7R_, engine development program. Following a functional check i

=::_:i flight conducted from Boeing Field International (BFOon ,3October 1980, the airplane and i

.-_: test personnel Were ferried to Valley Industrial Park (GSG) near Glasgow, Montana, on i

:._: 7 October 1980. The combined NAIL and 767/3TgD-TR_ test fligl_ts were conducted at 1
_ the Glasgow remote test sltej and the airplane was returned to Seattle on 26 October

;_ 1980.

.-_
I'
_. 2.1OB3ECTIVES

q.

-_: Objectives of the NAIL flight test lxogram w_e tos

=l: o Measure tJ_ht loads (aerodynamic and lnertlaD typical of ac-P=eptancetest and
_ti revenueservice

o Exr,iore the effects of grocs weight, sink rate, pitch rate, and various maneuvers on
nacelle loads

o Measure simultaneously engine clearance dosures and engine per¢ormancechanges



•'jr. p_

', F !

• Provide a data base for designing Improved propulsionsystems (performance
retention)

/'.

• Provide a data baseof pressuresmeasuredon wing, pylon,andnacelle surfacesof

,,';:, both inboardand outboard propulsioninstallations of commercial tra_spo_sized

_?:- aircraft and.to gather information on airflow pa.tternssurroundingthe powerpl_nt

installationsusingstat._cpressuresurveys

-,., 2,2 BACKGRCP'IND

::_'; Since Introduction of the.Jet enl_ineinto commercial t_ansport,service, I_lstorlca_.d_ta

:-!:i_:.,. l_aveindicated that deteHoratlor_of engine specific fuel.consumption(SFC).occursover
_.

___,._, the life of_lnstaUedengines. Until. recent sllorta_s In. fuel and the resulting high fuel ,
.... _ costs, increases in..fuel consumFtlonwere consideredto be a nulsaru:erater than a :i

technicalproblem requiringa solution. Motivatedby fuel shortagesandcosts,the NASA i

Engine Component Improvement (ECI) program (part of the NASA Aircraft .Energy _i

Efficiency program) wal made re_lxmslble for determining the cause of and l_ntial i'=
solutions to Installed engine SFC deterioration. As part of the ECI program, BCAC _

assisted P&WA under their NASA-Lewis contract NA53-20632 during evaluation of the il iproblem. It was found that the SFC of engines increased from 0.$% to 6% from the time i

_ } of removal from the acceptance test stand followed by lnstallatlor_ and operation on the _ I

i! airplane for a givenperiodof time. Measurementof rotor bladesat the outer,diameter _ ;:_:!, and inspectionof the Inner surface of enginecasesir4dlcatedthat definite interference ,_
_i' occurred between.the blades and the ca_e.. 'this Interference resulted"in incre_ed :'

,_! clearanceand8as flow leakagebetweenthe bladesandthe outsidecase.._he studyfound i
._=,.. t

_:: that 8796of the increase 1_ SF.C was due to flight loads occurring within the first _0 flight I
_"" cycles.

I

i I Factor_ contributing _lgrdflcantiyto engine performance lossesare dlgtdedinto el_l_ne '
..:.i"._:. loadsandflight Io_ds_as foUowst

!:i: • Engineloads(thoseloadsnot related to the flight envlt'onment)
_ • Internal enl_inepressures

JI;,

• Thermal loadsdueto temperaturedifferentials
• Thrustloads-fore andaft

e Centrlful_dloads

4 :
!
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o Flight loads (those loads imposedby the flight environment)

o Aerodynamic pressures
i

o Inertialforces

A finite element model analysis using these factors predicted a 1% increase In SFC at sea

level due to the aircraft acceptance flight test.

Aircraft fuel consumi_on is propoctlonal to aircraft drag. Thus to reduce fuel

consumptions, drag sheuld be minimized. Most mechanLsms of drag i_oductlon are

unde_sl:oodand are predictable ¢o some de_ee_ w-Lththe exception of-a component termed

"lnter£erence dr-ag.'_ This drag results from disruption of the flow over the wing caused by

l:[_e wir_-mounted, pcopulsiortsystem in the vicinity of the proputsion system. This

Interruption Interferes with the wing performance. Current techniques foi' estimating and

minimizing interference _ag rely heavily on comprehensive test progcams that

independently vary a set of parameter=t believed 1:osignificantly influence Interference.

Current analytical technology is su_flciently advanced so that transonic potential flows ,,
around arbitrary tl_'ee-dimenstonal bodies can be accurately predicted. However, the _

development of analytical techniques depends extensively on experimental results for i!
comparison of the predicted results. Development of analytical techniques to model the

/

physics of flow about propulsionsystems Installed near wings has been initiated and some

of the techniques are nearing completion. However, the comprehensive data base to

which these,predictions coulcfbe compered Is lacking. )

2.3 APPROACH

Recommendations and conclusionsof .previousstudies prescrlbed a feasible cost-effective

approach to, the NASA-fundnd NAIL/3TgD Flight Loads flight test pro_am, This Joint

program involved BCAC and P&WA, funded by NASA-Langley and by. NASA-Lewis,

respectively.

A l_-hour flight test program covet'In8 portions of .the acceptancefll_,ht profile,

variations In takeoff and landing conditions, and hlgh-g tul=ns wm chosen to measure

simultaneously the flight loads (cauSe) and engine clearance changes (effect) associated

with el_gine performance deterioration. The flight test program u_ed the Boeing-owned
7_7 RA00t aircraft.

5



= Aerodynamicloudswere rne=suredby 252 static pressureports en the lnbo=rdnacelle

•J (engine3) sndg5 static pressureportsonthe outboardnacelle(engine_).

Inertial loadswere measured.bysix accelerometersand two rate gyrosonboth the inboard

andoutboard,engines, The pylen andstrut interface of bothengin¢_wasequLppedwith an
additional six accelerometers. The resultingengineclearance changeswere measuredby,=

• s t

:!_i. laser proximity probeson •thefan of both•engines,andon the hlgh.p_eUureturbineof the
•.j inboardengine. The expaadedenginegerfor_ance Instrumentationand•20 hi, h-pressure

I turNne thermocouplesp.r-ovidedadditional data on the inboard engine for resolving
:'i ciearattce=rodperformancechanges,

i] The IPSA pressuredata were obtainectin the neighborhoodof•botll enginesby a torsi of"' g99 Static pressureorifices!322 el these werearrangedIn rowsabove,andbelow the wing

andon eachsideot both pylonsarid core cowls.• The remainingdata, on both •inlets and'

_I fan cowls,wereacquired,frem part of the aerodynamicloadsinstrumentation.

_ .q,;

•_!
•'!

.. ' i

,!

. I
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3.0 SYMIE_DLSAND ABBRRVIATIONS 6I, l'_.:-_t'!¢71tl'_ ri"l

An Fourler-Bossel¢oettlclont for nthcosineharmonic
AC axial acceleration

ACCEL acceleration

ADAMS alrlior_ data analysis and monitor sytttem

• A-flange enginefr_ ; Ilaage at nacellestatl_ I0O

_.. Ax acceleratgortIn.x-direction

__., Ay acceleratloli in y-direction ,._
,_ Az acceleration In z-direction
<i._

..,,;. Eft lieurler-Belsel coefficient tot. nth sineharmonic _,,
--"'- BCAC BoeingCommercialAirplaneCompany ::1

_;.., Blil BoeingField lCtternatlonal,Seattle, Wasl_tngton ":

:,b_,_{ CG centerof gravity 'I

-_U Cp pressurecoefficient _;

_.. deg degrees ,

_' ECI enginecomponeritImprovementprolram [

_; enginepressure
EPR ratio

_:! i E3 engineposition3
-'_" _ E# r--_;_ engineposition # ,

.#;',

7.:_:/":

--77t tt feet
-t:
_,_'::! liLTlO filtered,

:;>,:i! lis tmtsm
lit tllll t test.

% _ lix force In the x-direction

....: ' liy force In the y-direction
:_'i Fz force in the z-directiol_

" , _ g acceleration of gravity
' GSG ValleyIndustrial ParktnortheasternMontana

/
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_1_: _"W I

GW airplanegrossweight

Hp pressurealtitude
HPC IGV PO$ high°pre_ure compressorl_let guidevanePetition

HPT hlBh.pressureturbine

HWLDG heavywelEhtlandlnE

Hz hertz (cyclesper second)

IGDA interactiveg=phlcsdataanaly==
in inch

in- kip i000 lnch.pound_
INLET STA Inlet st&tlontv_h_eIncreasesmovinga_t

aloneinletcenterllne _=i'

i IPSA Installedpropulsionsystemaerodynamics ,
! tR1G lnter-tanEe lnstrutnentatlongroupmMter clock '!i
: 1

kn, KT$ knots

kcas knotscalibratedairspeed,ll_dicatedairspeedcorrected i_i

for positionerror (calibratedairspeedequalstrue ; !
airspeedIn standardatmosphereat sealevel) f

LAST final retreated tape producedby the fllEht test datasystem

Ib pound

LH left hand

Ibm poun_ mass

M MaP.hr_, ratio _._true alllpeed to the
velocity of _und

:-.

. : Mc deslEr_cruiseMachnumbe='

Mx momenta_ut t_'¢x-axis
M-v momentabo_tthe y-axis
l

Mz momentaboutthe z-axis|.,

•* rain minutes

•'. NAC BL nacelle buttock llne_ valueincreasesmovlnE

_ outboardIn the nacellecoo[,dinatesystem

':+ 8
:i

": )
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! SfC specI|Icfuel consgmptton
5L5 _ealevel standard

i

TO takeoff

'+ TR thrust rewrso

TT total tom_rature
TT) law.pressurocompro=8ordischargetotal temper_,turo

TT#,_ high,,p'essure¢ompreuot all,charSototal tomporature

TT_ high.pressureturbtfto,dlsch_'getOtAltemperotwe

TT7 low-pressureturbinedischar.getotal temperature

Y true alrspeed_feet per second

._.; VC desl_ cruise,speed
'.: Vs stalling speedor the rrdt_lmumsteady£_lghtspeed

: _. at whichairplaneIs controtlabte

-_',,. V/A engineairflow

_: _ WSL wlnl_but¢ockIll,e, value IncreaSesbymovingoutboard

-i_,._,,,_: Wt fuel flow rate
_;:._:. WF5 win8 front spar

_" WRP wingreferenceplane
-_:_, WUT windupturn, a level turn p_oo_eedby Increasingthe an_e

_i" of bank at a prucribed rate

-: fl'ee stream vatue

_-_-_."' angle of attack

___;? T2 total _empera.turera_o at enl;leet_'e, TT2/TsL$
-_[i air density,SlUl_ft3

cLrcum/erentlalposltlo_jdegrees
/:

._,, PT2/=-: T2 total pressureratio at engineta_e, FSLSi
, t(-

_ f fan cowl

_'i g py_on-corecowllhtersectlon

.... h hiSNlSht
I Inlet

k core cowl

--_ 1 ellglne_ wlng-pyloftlnter,,_ectlofl '
!:
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t.O TESTDESCRIPTIONAND RESULTS i

#.l TESTDESCRIPTION

The Boeing-owned7_7 RA00I test bed alrcreft (£ig. l) was the basis oi_the Nacelle

Aerodynamicand Inertial Load (NAIL) flight test pr_ram, which comprisedtwo baSic
studies and data coliectio_ systemsdividedInto the flight loadsand InstsHedproi_dsien

systtrc_aerodyc_amics([PSA)programs. Wherenecesiary, dl_cussk)noi the flight loadsand

IPSA-portionsare _el_ral_Jlfor clarity. However,airplaneand performancedgta were
u_ed:by both _ogram_ a_ someo! the flight loadspressured_ta.were usedby the IPSA

pregram. '!

,;

_.i.lTest Vehicle

fi

_.1.1.1 Flight Loads _

[
The NAIL programrequiredfabrication and installationeffort to provide the meansto ,

, i_
collect, control, andmaintain the quality andquantityof data obtained. The flight loads !
portionof the programrequiredinstrumentationof the b_boardandoutboardengines(i.e., f
positions3 and-#). HighestemphasL_wasplacedon engine 3_which is shownon the wing !

durln8the buildupperiod(fig.2).

Llkewise_during.the postflight test phase,refurbishmentwastlecec_y to preparethe

_ alrcca_tfo¢ the-next program. Inlet 3 (fig. 3) was removedfoltowedby engine3 (fig. #)t i

which-was shipped to Pratt and,Whitney Aircraft (P&WA) for further static testing

followedby an allalytltal.te&rdownandreturbbthrnent,

:_: _.l.lJ InstalledPr_ SystemAeredlmml_

I:_sCrlptlonoL the basic B-7#7 test vehicle pertinent to the IPSA program requires a

geometrical definition of the |arl Inlet, fan cowl, pylon_andcore cowl for an Inboardand

•._ an outboardengineIt_stallatlonandrequiresneighboringwlnggeometryforeachengine. ,.

This descriptionIs providedby defining the local geometry with relative positionsand

contoursof pressureorifice rowsand wlng-pylon_pylon-nacelleintersections. Figures

; i _... and6 describethe locationandnomenclaturefor the pressureorifice rows.
t

,)
! o

J._.
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_" Figure3. Inboard Inlet Removal

j:

Tt'

t ..
I. Figure4. Inboard EnOInoRemoval

!:
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Figure 5. PressureOrifice Configuration



Wine Geometry-Coordinates defininE the wing cross-sectional profiles (table l) are

measured =long and perpendicular to the wine reference plane (WRP). The WRP is an

untwisted plane with 7-dog dihedral and +2-deg angle of incidence to the aircraft body

conterline. The coordinates given in table I orient the wing profiles as they are in the no-

load or jig pesition, so that the wing leading edgesare not necessarily on WRP. See figure

7 for = plot of the jig win8 twist, The in-flight wing twist, measured at _0% chord, varies

with airplane Math number and gress weight. In figure 7, the elastic wing twist is plotted

for a Mach number of.0._6 at two representative airplane grossweights.

The spamviselocation of each wing croSS-sectional profile is denoted by a wingbuttock

line (WBL)t which defines a plane perpendicular to the WRP (fig. 8), l_e relative fore and

aft location of the win8 cross-sectional profUe at each WBL due to wing sweep is also

shownin figure 8. Here,, the leadL'_-edge sweep angle is identified inboard and outboard

of WSL #70 (inboard engine) and WBL 83# (ou_oard engble). "',

The leading-edge sweep angle is measured in the WRP relative to a line that is

perpendicular to each WBL (#70 and 83#) and passesthrough the intersection of the WBL

plane and the projectior_of the Win_ leading edge in the WRP (fig. 8). The wing leading-

edge sweep is constant between WBL ##_ and 83#. Howeve-, it changesoutboard of WBL

g3t_(outboard engine).

Also at WBL $3#', a fairing extends from the outboard strut over the wing leading edge.

Fairing coordinates given in table I are along the intersection of the WBL 83¢ plane and

the fairing surface.

EnglneNaceBeand.PylonGeometry-Coordinates defining engine nacelle and pylon

geometry ate given in a secondcoordinate system, the nacelle, which L_shownin relation

to the WRP, in figures g and 9.

Pylon cross-section=4coot'dlnates(tables. 2 and 3) are measured along and perpendicular,to

the nacelle buttock line (NAC BL) 0.0f which defines, a plane perpendicular to the _VRP

that is toed inboard 2-de8 relative to the Will plane (fig. g). Dependitlg on engine

location_ the origin of this 2-de8 toe.in is at the Intersection of the WBL #70/83t_ plane

and the WRP at the projection of the-WESL #70183# wing profile leading edge. These

profile leading e_es are labeled 1' (figs. 8 and 9). A side view of the pylon and engine

nacelle (fig. 9) showsthat the pylon coordinates (tables 2 and 3) are contained In nacelle

17
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Table1. WingCoordinates

YUPPER
WRP

XW

Xw,, 0 @WING LEADING EDGE

. |=

WBL448 Cw- 089.711era(3m._ in)

XW Yl_PEfi YLOWER I
...... Ii

Ow Cw _;
I=

_: ,. 0.00 -0.00206 0.00208
_,/ o.oi 0.00901 0.00586

_ ; 0.02 0.01414 0.00837 ;
,_ 0.03 0.01791 0.00965 ;v_

0.06 0.02333 0.01198 I
_; 0.10 0.03198 0.01665 i
_ O.16 0.03790 0.02058
_._ 0.20 0.04234 0.02393

0.25 0.04660 _02B82 i
0.30 0.04783 0.02910
o.3t; 0.04_ 0.0308"/ !
0.40 0,06032 0.03103
0.41_ 0.06002 0.03084

;_ 0.60 0.041)02 0.0296| i
0.65 0.04712 0.02761
0.60 0.04401 0.0_33
O.eS 0.o3098 o.022_
0.70 0.0349_3 0.0-1987 i

_ 0.78 0.02918 0.01581 ;;
0.80 0.02338 0.01298 0

_, 1.00 o.0 0.0 ;
:

• i
'_ 18
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Table1. WingCoordinates(Continued)
=+,

+ .\
ri _....

+ weLelo.c.- m._ m (sloe in)|_ ii i

:: XW Y_R YLOWER

Cw! ..+:.,

_ i i i ii I t Bill JIl i i i Jill I I

.:'.! ,, ,,

_ 0.00 .1ta04_ o.0olm
_-_ 0.01 0_028 0,006711 _

" 0002 0.01429 O.OOe_
_, 0.03 0.0179e 0000107
_+_:: 0.01 0.02331 o.oogee
_,_ 0ot0 0.03210 0.0130e )
z ;" ":" |
_+- 0.15 0.03828 0.01742 I:_, o.2o o.o,um o.0zm

: i 0.30 0.04870 0.02024

i-_: ' 0.36 0.06060 0.02820 ,
_+ 0040 o.oeileO 0.02909 I
_ o.46 o.05_m 0.02012 I

F 006o 0.06164 0.02840 1• o.6S 0.06023 0.C2e87 , :
i i_:; o.ao o.0+7_ o.o_ '
i-_ u.as 0.04429 0.02261
i_ 0.70 _ 0.01903

i_:: _ o.16 0._ O.01e:.'.'.'_
- i 0080 0002877 0.012H_
; 1.00 000 0.0

i +::
+ ,

; u

i

i i i ii i i

2 :

i r,
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Table1. WtngOonrdlrlatea(Oon¢lnued)

........ q) _. IIIL _-

li I I

I

0,o0 .,0,00t71
0.10 0,031g0
0,_ 0.o424e,
0.3O O.Ne0S '
O.40 0.08078
O.6O o.o4m_
OJO O.04S_ '
0.10 0.03OW
oJI0 0.0gS2t
1.00 0.0

II i
i i ill i in , .

WBL_ e10.40_(24.1.NIn)

I ic ,o,/Xw W P_ CW
r i i i i|

0.00 0.0
0.10 0.038O1
0.2O O.04797

, 0.3O O.OB2e9
0.4O 0.08681
0.S0 0.0S41e
0.e0 0.04S31
03O 0.04t2S
0.80 0:0,1(_
1.00 0.0

,,,i,i, I , ii i i ,, Hiq m.lz"

iiii i iiiiii i i_ ii i iiI ii T i .i iiii I i. i i | i i

I , ,,FAIRINGi i| , ill

.,d._l_li• ' ..O.o_ i_, -o.oel -0.016
1 ..0.0_ 0.006

_ O.gdl 0.0_

20
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OF POOR QUALITY :

Table 1, Wing Coordlnare8(Continued)

I I .......

WBL 809 (:w" 64(,.29 om(262.08 In)
I

Xw YUPPI;R. YLOW|R

CW ' CW"
I

0.00 :),0 0.0
0.01 0.01t36 0.034_ _!

'1
G.02 0:01674 0.00538 L,

., 0.03 0.02142 0.008g9 ;*'
.: 0.0S 0.0270t 0.00722

;__ 0.10 0.03706 0.01043 :
!_' 0.1S 0.0420e 0.01377 i'

0.20 0.04717 0.01706
;_ 0.2§ 0.0S014 0.02011
:_ 0.30 0.06228 0.022_

;_ 0.3s 0.06371 0.0244o
:,_. 0.40 0.05488 0.02511 ;i

,, 0.46 0.05470 0.02491
0.60 0.06387 0.02400 '
O.F:R; 0.08201 0.02249 I

. 0.60 0.04919 0.02023 !
0.6B 0.04884 0.01817 i
0.70 0.04114 0.01668

"* 0.7S 0.03688 0.01297
0.80 0.03003 0.01037 _'

• _ 1.oo o.o o.o i

i=

-.-_ _
"., r

i I i=| _i

• t

., 21
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Tabl_ 1. W/fig Coordinates (Concluded)

• J
_.,_' i Ill I I II I II

I

r
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_r QF POORQUALITY

*

i I

NACWL166 CI" 73B.43_ (289.84In) NACWL180 r-,s"722.91(,lt(284.61In) _
i ii I i i

Xs _+Z Xi ±Z

[ "c;-, -C;-, -c,
ill i i

_ 0.0 0.0 0.0 0.0

i_i 0.0163 0.01160 0.01'5 0.01511
i_..... 0.0336 0.0169G 0.0330 0.02161 i )
i_ 0.08011 0.0188(I 0.0_ 0.02682
i/__,_' 0.088t 0.02110 0.0887 0.03380
,:___,_ 0.1t99 0.02849 0.1.033 0.036;#2 t
_'_ 0.2ge3 0.0304e 0.1209 0.03926 '
_1 0.30_ 0.03447 o.1s60 0.04343
_l 0._2 0.63e1_ 0;2087 0.04718
:_ 0:4828 0.03?68 0.2614 O.0SO:_S
_,_i 0.6344 0.0378S 0:2_ O,gSlOg
-_ 0._ 0.037e2 0._3 0;0Slt_

0.672S 0.001_1 0A722 0.(}_i0_8
: :,-¢"

'_J, 0.7689 0.0Ngl g.E074 0.04e87
i:_:: 0._70 0_ f40 o.e4-R o.o_?_e
_-.... _.0 0.0 0.7888 0.0224s
_,:i 1.0 0.0

'ii, !

. I

'-- ', i i i i i i i iml IH _ m ,.......... _ i ii i
:, ! J

:)
!, _,H
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_/.L_III'tX_ill L
............................................. , ................. J ....................................................

= ii!!ijl!ll!!il,

Ill i iii m. i i

X

'l ii II l --m Ill l | l l
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'1
water line (NAC WL) pkmes, which are perpendicular to the NAC BL 0.0 plane and pitched 1

up to 2 de8 relative to the WRP.

The proper orientation of each NAC WL plane containing the coordinates in tables 2 and 3

is achieved by first locating the reference NAC WL 1: plane (fig. 9) which passes through

the wing leading ed_ at _BL t_70/83_. The leading-edge pointmay be located re|alive to

the WRP by using coordinates given in table I. This reference NAC WL corresponds to

NAC WL 1-92.$6for tl_ inboard"engine and NAC WI; [$9,00 for the outboard enlLlne.

Coordinates defining. _ pylon crou-sectlonal profile are I;lven for both engine pylons at
NAC"WL iJ_ _ NAC WL lSO. These N&C WLs can be located from the refer_mce NAC

WL for each engine (ill;, 9).

iI
F._ mcelle coordinaXe system .Is en isolated-coordinate system. To provide fo_ the _I

r_

proper positio_ of each engine N'&C WI_ relative to" the other, the reference NAC WL

plane must be positioned to account _ot'.the difference in elevation between the inbred"
i!

and outboard engine Installations due 1:oWRP dihedral. _

The fore and aft posit'lens uf NAC WL 1_5 and 180 profiles on each py|on are found by I

locating a reference nacelle station (N&C $'rA) passing through the wing leading-edge

point at WBL 470 (Inboard) or WBL 834 (outboard). Lines representing NAC STA are i
per.pendicular to the intersection of a NAC WL plane and NAC BL 0.0 plane; distances !
between NAC STA are measured parallel to the intersection. At point T, the NAC STA

reference for the inboard pylon is 216.12; for the outboardpylon_206.10 (fig. 9).

T_e outboard`pylon pressur_ poet row at NAC _L 180 has an unsymmetric profile (table i

3), The co,,our of the fairing _t WBL 83_ shifts the pylon lea¢llng edge to the Inboard side I

of NAC BL 0.(_..I
s

1'he inlet, fan cowl, and core cowlsurface geometries are the same on both engines. Each

enslne centefline is coincident with NAC _L 100. The core cowl is a body of revolutinn

between 30 and :330d_,_.(fable _.- "rhL_cowl _ defined by radii measured from NAC WL

IJ)0 at points between NAC ST_ l J2 and NAC STA 270.J26, The inlet and fan cowl

profiles ere give_ along constant inlet angles measured about the inlet centerJlne, which

Lies in the NAC BL 0.0 plane, pitched down (drooped) t_ deg relative to the engine

centerline at NAC 5TA 91.23 (fig. 9). The fa_ inlet cross-sectional profile coordinates

(table _) are measured along and perpendicular to the Inlet axis for five circumferential

28

00000001-TSD02



;,; II_l_J'..

t' i

1' I

, ORIGINALp_r;g t_ 1
_!i , Of pOOR QUI_L111

Table 4. Engines 3 and 4 Core Cowl Coordinates

:i' NAC NAC
era ErA
162 2/0.S25

:__:_: -- SIDEVIEW REAR VIEW
t

, X k • 0 at NAC ErA 152, Lk - 301.07 _nt (118.53 in) _:

i_i..,; X%k 'E_' k Xk_k I'EX,_ k ;
L!' ""

.:,_ 0.0 0.2887 0.6834 0.2802
"_,I; 0.0338 0.2888 0.6918 02 592
.' 0.1519 0.2829 0.7003 0.2882 ,

_"i 0.2362 0.2811 0.7425 O2_8
' 0.2963 0.2799 0.7702 0.2481

0,379/ 0.2782 0.8100 0.2429
;_i, 0.4412 02764 0.83153 0.2388 !

0.49:/8 02748 0.8890 0.;}329 I
:-_f 0.6316 0.2708 0_028 0._2_1 " ;

I

_ o.M22 0._e81 o.g_ o,2_ 1_
iit o.824a o.28 o.:zr.,eo zk

_i o.e,m7 0.28._ 1.00{e 0_010 i_

r •

, 29
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TableU. Engines3 arid 4 Inlet Coordinates(Concluded)

el-so - leo !
i , • =., ii i __ __ , ..,

i iiil i ill
IIII ii] iii i i i ii

l

0.2661 0.8067 0.2661 0,8967
0.1853 0.8991 0.1863 0.9004 _'
0.1196 0.9094 0.1196 0.0126,
0.0776 0.0217 0.0776 o.egel
0.0302 0.9481 0.0302 0.0618
0.0037 0.0786 0.(3037 0.9820
0.0 1.0000 1.0000 0.0 1.0000 1.0000
0,00_1 1.01H 0.00_1 t.01H
a.0248 1.0:103 O.02q 1.0303
0.0647 1_ 0.,0641 i.0403
0.1319 1.0714 0.1379 1.0714
0.216S 1.0817 0.2158 1.0877
0.3448 1.1_1 0.3448" 1.106t-
0.4963 t.lZXI: 0.4963 1.t200

i,e i i i I ....

. i i iH

Oi " 180 ORIGINAL

Poor rO
, h.... h h

i .., ,

1.1822 i.0044
1.1222 1.0072
o.7a13 o._te
o.s663 o.01_
0.40tt O,U_
0.2_1 OilS7
0.i 190 0.9120
0.0302 OJ)618
0.0 1.0000 1.000(3
0.0047 1.04_
0.1319 1.0714
(;.34,48" 1.10el
o.4oe3 1.1_lo

_ ;_...°,,..-_..-'-._.•..___ y ,o_.,-.:_,,::,,.:___x_. ,_?._._;:.".:._:o:.,_.:.;,..,::.;...:,. ...,.."-.',,_" __o.,

00000001-TSD05



angles measuredabout the inlet centerline.._t these same inlet angles, the fan cowl
cross-sectionalprofiles are definedrelative to the enginecenterline. Coordinatesin table
6 give the angle about the enginecenteriine for each point usith the distance to the
surface measuredaionl;a_dperpendtcul_ to NAC WL i00.

Pylen-fartcowl, pylon-corecowl, andwing-pylonintersectionsare defined aion8 axes of

the nacelle coordinatesystem (tables7 thro_h tO). Thesetablesincludethe information

necessaryto locate-these lnter_ections. The pylon-corecowl, intersection is sel_rated

into three sectionsbetweenNAC STA 220 and 270._26to define a pyion-¢,ore cowlfaieir_ i

surlace (table. 10).

The press,re orifice posltienson the definedprofUesare.given in tables 1! through16. A

pr.essureorifice ls._oundin the profile p_e at the intersection.of the aircraft surface and _i'l

a line normal _othe X directionat the nondlmenslonaipositiongivenby X/C or X/L. _

_.I.2 Insmanentatlon _,'
'1

The NAIL program was an ambitious undertaklr_ in terms of number of measurements I
obtained. There were 693 pressureme_urements, 30 accelerometers,7 rate gyros, 12

bladeclearance measurements,and 20 thermocouplesfor required test data. Numerous i
i

thermocoupieswere usedto providetetnperature informationonheat-sensitivelnstrumen- I
tation. Finally, expandedengine performance data were providedby an additional 65

measurementchannels.Thequantityandquality of the dataobtainedwere excellent.

Instrumentation placedon or near the numbers:) and 4 ensine and pylonwa_ designed to

further the understandU_of tl_efl]6ht.toads(cause)andermineclearancechan_es(effect) '

iassociatedwith enginedeteriorationandto i_ovide information on the flight environment

of the engine andwll_ interface, l:

_i.2.i FIIsht

Pre_mre_¢Mkm-Most of the pressurelrstrumentation was placedonthe inlet of

engine3 (figs. lOand ! l). It was_Ueved that the lnl:_rd e_ine was sub}ectto higher

armiesof attack than the outboarderminebecalmswln_bendingreducedthe incidenceof

the outboard nacelle and becausethe outboard nacelle was less affected by upflow

inducedby the wlr_ flaps, Tl_erefore,the lt_oard nacellesustainedgreater loadsandwas
chosenfor a moredetailed surveyusing2:12picture taps.

32
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Table 6. Engines 3 end 4 Fan Cowl Coordinates (Concluded)

6 i " O0

" ,Of f
i mR I I II i I I I

02.4&1 0.0349 03171 161.141 0_607 O.Sel3
91.92g 0.1126 0,8814 180.997 0.1t28 O,W)14
91.2"34 0.2123 o_re 160.686 0.2525 0.6967
g0.071 0.382:1 0.6838 tm_ 0.3821 0.6865
88.842 O.l_lSsl 0.l_38 140._!1_1 0.6861 0.6087
87.080 0.7w2 o,_N4e 148.e03 0.7892 0.5446 ;!
86.449 0.86_ 0.63158 148.28g 0.86_ 0.6368 i,
8s.266 1.0000 0.5148 147.700 1.0000 0.5t48 ';

)

' 1
i i ,,, i

i

e i= 180
i

i |l i i|| i

"rf_.O00 0.0171 O.eO01
tSO.O00" 0.1126 0.6000
ldO.O00 0.2123 0.6978
180.000 0.3821 0,8881
180.000 1.0000 0.6148

i i i i , ill i i

i
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Cm ,, 206,080eft1(e1.134in) XoY " 0 6 m Z ,, 0 @NAC BL0
i

( I X/Cm , , Y/Cm --+Z/Crh
i

0.0 0.0 0.0
0.1661 0.OO801 0.062O
0.2894 0.00900 0.0779
0.4127 0.00B7g 0.0a86
0.5369 .0,00346 O.OgSg
0.6715 -0.02305 0.101_
0.8437 -O.040E;S 0.1071
0.991g -0,06471 0.1090
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Table9, E:nfjine4 WinpPylon lnter_ectlonNAC

s,i.2" ORtQW,ALPA_rS
OF POOR QUALITY/( 140,28¢rn

.*v

223.04_ /
IL

OUTBD(_) IUPIY)

-,,.,
CL,, e,t.3e6em1Z4.$93In) X,Y., 0@ L Z..0@NAC 8L0 INBD (.Zt

m.._.,,..m,mm_

CUTI_)ARD. INBOARD ,_
;!

x/c, v/c_ Z/cL I x/cA v/c_ z/c_
0.0000 -0.9411 0.0000 0.0000 -0.0411 0.0000
0.0049 0,0000 0.0024 0.0063 -0.0819 -0.0029
0.0468 0,0886 0.0065 0.0525 -0,1637 -0.0090
0.1275 0.1854 0,008_ 0.1592 -0.2484 -0.0171
0.2366 0,2342 0.0094 0,3063 -0.3234 -0,0261
0.4411 0.3275 0.00St 0.5441 -0.4088 -0.0383
0.6820 0.4114 0.0049 0.8590 -0.4883 -0.0521
1.0048 0.4891 -0.0004 1.40gB -0.5698 -0.0729
1.6318 0.6747 -0.0118 2._093 -0.8258 -0.0949 :
2.5910 0.6337 -0.0391 3.8724 -0.6735 -0.0644 .
3.5804 O.5967 -0.0_16 4.9143 -0.4863 -0.0068
4.0138 0.6663 -0.0509 5.S1_8 -0.4134 0.0402
4.1K_91 0,4483 -0,0216 8,68t3 -0,3268 0.1197
8.6688 0.407 / -0.02t;9 7,_038 -0.2391 0.1969
@.427:_ 0.3340 0.0863 8.2727 -0.1688 0.2_8
7.M98 0.2484 0.1682 9.19(;2 -0,0823 0,3364
8.2727 0.1637 0.2601 9.9943 -0.0063 0.4032
9,1982 0.0786 0.3310

10.0000 0.0045 0.4036



P

+ Table10; Pylon_ote Cowl Intersection (To Be Submitted in Final Report)

i;'

i

i?i -
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,_ q,FPOOP..ql.l,,_i.i'i.V'

: TabletO. PylQn.Oor#Cowl Intorsectlot)
,i

• ,_ : t

.__" SECTION SSCTION

: --1,4.,-.-I _ .moLe
(64._1-- LOWER

_i]2>
eNGINSq. '_ ,,NACWL_.i

:,_ _..,, Ul'iV)

im t
. : % _1| OUTeOARO
" _A_: NAC |,I,Z) '_| •

_-_ STA 6TA _ AFT IX}
_-_" INBOARDI-ZJ

: ':,_ C m - 301.056 un (118.526 in) X. Y - 0 at M Z - 0 at NAC BL 0

"'_ FORWARDSI_CTION :

: .......... 1x,,,_m ,t,._.,, .z._,.
0.0000 O.2701 0.0638

0.0371 0.2788 0.0638
t I

o.o_ o.=_o o.o_4o
i

0.13"._ 0.2/_$ O.(X;45
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_. o.o00 o.000 o.000 0.oo0 0.0o0 0._00

_, 0.004 0.004 o.OOS 0.008 0.o04 0.004
_: 0.010 OJ)l 1 0.0t2 0.012 0.011 0.010
;_:: 0.021_ 0.0_ 0.030 0.030 0.028 0.020i _.'

_: O;OS6 0_)81 0.003 0.002 0.062 0.06_,. ,.'

__ 0.08e 0,001 0.008 O._OS _.OOO 0,068
_:,_ 0.122 0.1_ 0.148 0.148 0.I_t 0,132
_ 0.168 0.114 0.183 0.181. {I;112 0.11{1
L._;! 0.212 0.227 0.237 0.224 0.218 0.214
.:__' 0.281 0,,27"/ 0.217 0,276 0,,261 0.262
i:':_, 0._ 0.346 0.346 0.341 0._ 0.337
i_.... 0.467 0A62 0.460 0.48{1 0.4_I 0.464
_ _ 0.612 0.67{1 0.871 O.l_O 0.M7 0.{170
_: O._S o.647 O.l_ll 0,639 0.{1_I 0.848
_; 0.7t8 0110 0.110 0.?08 0,111 0.71{1
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Thegreatest deviationsfrom ambientpreqsureandmostrapid variationsof pressurewith
distanceoccur near the Inlet lip. Contributionof the lip area to the overall force and

moment is very large. Becauseof thiscontribution, 1## taps in 12 rowst 30 dog apart,

were located in the lip area. Aft of the lip, 60-dogcircumferential spacingof the rows

providedadequatedefinition.

Each pressure tap was connected to an Endevco pressure transducer (fIS. 12) by

approximately8 ft of 0.06t-in ins[de diameter coppertubing to ensurethat lq effects
were equalized. The transducerswere mountectin temperaturecontrolledboxesIngroups

of 22 (fl_. 13 and 1¢). Eachtransducermeasureddifferential p_essurebetween the tap

aM a referencepressure, :.

Fucthergcessuremeasurementswere obtainedon the fan cowl doorsof enl_ine_ (fP=. I _).

Thearrangetnentwas two rowsof pressuretapS,oneon each sideof both cowl doors_30 _:

de8 from the top. Eachpressuretap wasconnectedto its individualtransducerby copper _

tubin_except at the hir_eSof the fan cowl doors,wherea smallsectiottof coppertubit_ [
was replacedby a pieceof fleXible clear polymer. Thisflexible sectionenabledthe doors !i

to functionthroughoutthe test program. 1
I !

The L_ressureinstrufnentation on engine4 was designedto substantiatea finding o_ the t
feasibllLty study(ref. L). whiChsu_ested that engine deterioration was independentof

posLtion. Therefore_ entline _ inlet wasinstriJmentedwith three rowsof 1_ i)ressuretaps

eachspacedL20des apat't(fl_. 16) foe& total _)f #_ measurements. Thesemeasurements
weresufficient to indRate relative loadleveb_betweeninboardandoutboardinlets.

Mertlal Loads_taldoer-ls_trurne_tatiott fo¢:inertiaJ.k_ds consistedof accelero-

meters_ racegyroslocatedonthe e_tne and pylon(f_ 17)an_ the aircrat.t center of

gravity. Linearaccelerationswere tortured by Q-FLEX accelerometers(fl_ ta), These

instrumentswere used on both-test engines and at their (ore and aft w.inS and pylon

interface. For a_utat accelerationstwo axeso_a three-axis Northrcprate 8yro mounted
on the two test engines(fl@. 19euld20)wereused.

Location of accelerometetsand rare gyro_ is referenced by clock posttlon, lookingaft.

Accelerometreswere placedonthe enginessothat lateredacceleratiottswets measuredin
the lateral direction at NAC STA qe at ] o_:|ock a_d at NAC STA [00 at 6 o'clock.

Vertical acceleratlo_lswere rfleasuredat NAC STA _6 at _ o'clock, NAC STA 100 at

48
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Figure 12. PressureTransducer
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the lateral directLon at NAC STA 06 at 3 o'clock and at NAC 5TA 10Qat 6 o,clock,

Vertical accelerationswere measured at NAC STA /_6at 6 o'clock, NAC STA 100 _t

• 3 o'clock, andNAG STA 100 at 9 o'clock, _nd lot_6itudin=lacceleration wanat NAG STA
100at 6 o'clock, Rate Byro_wore pl_ed at NAC $TA 100 at 3 o'clock and wore u_edto

measurepitch andyaw r_te. A total of six =¢celerometeraandonerate Byte I_r onl}lna

p_rmltted calculationof the translatlohalandanju_r accelerationsat the online center

of gorily,

Acceler.a_oe_were also.measue=d-at.the,pylon/w_s.lnter,_ce_. The l_'_eralaccelerations

were meuure_ at.the wle8 iro¢_ s_¢. a_ thereat thrust l|_k _ttac.hpoint (fiS. 21J. The

_i vertical-accetergtlonswere measucedinboardand-outboar¢of the fro_t spar attach point

:, andO_tl_erea_ thrust link attach I_lnt. Ir_th_ len|ltudtna_direction, acceleratlonswere

i!; measuredonlyat the |tent spar, Eachlntertace hada total of six linear acce_erometors.

._ Basicairplane lntocmatlonwas alsorecorded,lctdudln8pitch, yaw, androll angus, alottg

:_;_;-_ with si<k_.sllpand angle of =tack. Angularacceleratl_s about all three axes were

;_:' measuredat the aircraft center O!8ravlty.
r,,

ClearanoeMeasurement$yMem-Engine clearance changemeasuremefitswere made by

_,_ P&WAsimultaneouslywith flight loadapplication. Measurementswere madeon the _an

;=_. and flrst-sta_e high-pressureturbine on the Inboard engine and tl_e fan stage of the
r

i__,: outboardengineby a laser proximitysystemfor each _tage. Eac_tclearancemonltorltt8

;'-_i system.consistedof= (1) the _aserassembly(four laser._per box),(2} the iJip_t,fiber optic

assembly,(._)vkfeocamera assembly,(t_)laserprobeassembly(_oueprefersper sta_e), (:S)

_,_ v_deomonltor_and.(6) videotape recorder(t[_, 22},

In accordancew[_ the lhterface agreement,betweenthe two coml_N_s_P.&WA_evided
• .,,

,, all clearancemof_torin&_ystemcomponentsartdmade the nece=_y en_ne _el:_rations.

Operationandmaintenanceof the systemdurln_ teStin8 we=e also the respo_lbllity of
P&WA. P&V/Aprovidedto 8CAC the equipmentnece_ary Carlnstatlatton in the airplane

,; duringthe layupperiodprior (o testins.

" _ Laser assemblieswere lnst,'._ledIn a rack insidethe airplanecabin filE. 2_). Four laser ,

_: ,! assemblieso! four lasergeneratorsper box were Installed In the rack, which providedone

• ,;,_ spareboxto facilitate ehanl_eoverin fliEht shoulda laser generatormalfunction.
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Figure23. I,aserGeneratorBoxes
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Video cameras were installed in the "dog hoot,e"(fig. 24) for the fans on the inboard and

outboard enE|nes and in the "kneeCap"(fiE. 2_) of the wing and pylon intersection for the

turbine of the inboard ef_gine. The input fiber optic leads were divided in the camera box ,

lnst_llation into four separate leads arid routed to each l_er probe _ssembly. A fan laser

probe assembly is shown in fiEure 26 and a turbine laser probe ¢ssembly is shown in figures

27 and 28. 1_1efan and turbine probe radial locations, which are essentially 90 deg alert,

are shown in figure 29.
i

. I

Reflected llah_ from. the engine blades was t_ansm_tted back through the probe and- ,
through the coherent outpu¢ fiber optic to the video camera, At the video camera the ,

reflected light w_s corwerted to a video ILiEnaland transmitted Jhcough _ cable to-the _1
airplane cabin. In the cabin, c|eararce values were read on the video mrJnltors (fl_. 30)

and were recorded on a video tape recorder (fiE. 31). .i

in addition to the aforementioned components to the laser system, a gaseous nitrogen )

_ System was required to cool and purge the high-pressure turbine laser probes. I_CAC I_
! p_ovided the system, which was located in the forward cargo hold (fig. 32). Components !i

of the gaseousnitrogen system included storage racks for _6 nitrogen bottles, the nitrogen

bottles, the high-preSsure manifolds and regulators, control valves, preSSuresensors,probe i
temperature sensorsand readout, tublr_ and.the flow-controlling orifice that is buitt into 1

the h)_h-ptessure turbine probes. The system was confiEuredto provide nitrogen for i

approximately l _ hoursof operation without resupply, '_

i EXlNaded F._.Im gerformam_-Expanded e_Ine performa_:e _ta .(fill. 3_) were requited- i

•;_ for the P&V/A eCfort to cor.relaXe meMuced engineclle_ance ch_ea or closureswLth I
performance losses. Primary emphasis was o_ en_l_e9_which _ complete lnstrumenta- _ii

•" tion (fig. 33), Minimum Instrumentation to define ertalne sL_eedand engine _drfiow and ;

power level was provided for er_e _. _nstrumeotatlon for e_lne 3 was typical of that

uSed"for a perforrrtance engine test program _ wM compatible w_th that used.durlrq_the i
pre- a_d.postprogrsm baSeenslne caUbraciohsat. tl_ I_WA Mtttdletown te_ faclUty. To

better correlate dat_, the I_oelf_-owhed fliEht hl_h- and low-rotor speed tachometers (N2

_:_; al_d NI, respectively) a_f the fuel flow meter were calibrated by P&WA and were used

during the pre- and postc_ltbratton _t P&WA. The tachometers and flow meter were used
'i

_ on this enEtne throul_hoUtthe elqtlre NAIL prosram.
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• 4.1,2.2 InstalledPropulsionSystemAer_xl]_n_mlc3

l_tr.mentatlon-SeleCtion of the pressuremeasurementsystemused.forthl_ programwas

guided by the need to obtain pressuremeasuremen, on the wing, pylent and core cowl

: only durin$ quasi-steady-state_drplaneol_ratinS conditions. Accordingly, in theSear_as,"ii

.... a 2;-port scanivalvepressuresampUnllsystem,whlch-_mp__lest2 ports per second,was

" compatible with the normal time frsrne for--n_lntain_nli quasi.steady.state airplane

: opera_ingco.dlttons. 1_ option-o_slnS indLvlduaJtrarmducersfor each measur_t_ as
on-_e lrdet-and-fan-cowl, thereby ailowin&_astmulta,eowt sampllns of each.pressure+ was

not. over.looked. Not-enough transducers could be purchased from appropriate menu-

, _, facturers In the tl'meframe avail'ableto completethe test-program.

:. i

_ A GouldStatham Model_ t3tTC (_+17.2kPa[+_2._lb/ln2_] ) dlfferen_l-pressure trans-
i_:_i ducer was used I1_all scanivalve modules. Specifications for the transducer were as

_-":i follows: combinednonlInearity and hystereslsot less tha_ +0.7_96full scale, therma_

!_ sensitivityshl_t lessthan 0.0196/°Ffrom -6_°F to <�Ð�X�ì�(-_PCto +121°C)_andthermal
:, zero shift lessthan 0.01% full scale/°F _rom -6_F to +2_0°F (-_;°C to +I21°C). The

•_ natural frequency of the transducer diaphragmwas 3500Hz. The transducer output

resulting from an acceleration stimulus applied perpendicular to the plane of the

,+_ diaphragmwas 0.2%of full scaleper g for vibration _requenciesto approximately20%of

:; the dlaphra_mnatural frequency, Abovethe natural frequency,the respenseincreasedin

_: i accor_lancewith the behaviorof an undampedsingle-decree-of-freedomsystem,

!_ Eachscan_valvetransducerhousinl_,was fitted with _ thermostatically controlled heater

_- jacket,+which maintaineda 10°C (_0°1_)operatlnl;environment.for.the transducer_lven
.: ambient temperaturesbelow lO°C (_O°P), Theheater system,,however_did not malnta,ln

:.:: a i0°C (_0°F) environmentIf the ambient.temperatureswere above I0°C (_0°F). This

conditionseemedUkelyto occuronly in the scanl_aLveassemlHlesmountedIn the et_ine
,_ pylon where ensIne bleed air. ducts transfer heat into the pylon.bays, To mohltor the

temperature¢¢eachscanlvalvelocation,a thermocoupIewasInstalledon eacll scanlva_ve
_. assembly.

!,_ The Impact of airplane- or en_[lne-inducedvibrationoffthe Installedpressuretransducers
i wasassesseddurlrq_the ferry fllSht to the remote test site. It was assumedthat the

:ij hlshest vibration levels would be encountered111scanlvalveInstallation In the e_ine _.

: + pylon. Piezoelectric a¢celerometerswere bondedonto the ltistatled scanivalveassefftbly

>:/_.

............. _ ":'' ___ .... _; ..... + ......... + .... +'1 + + : ' 4 +J" ' ++'+ " + ..... r" , ...... + .............. ._+. + " "% ..... + .................
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:'= and B-levels were measured in a direction perpendicularto the plane of the transducer

i diaphragmduring cruise conditions approximating the required test conditions. The
"t highest measuredacceler_tion level was approximately0.9g rms at 230 Hz that would
i! produceanoutputof 0.[g% of full _cale, basedon the transducer acceleration sensitivity.

i

::i Other sources of measurementerror involvedsignal gain, analog-to-digital conversion

be Z0.$2% at worst and !0.30% on an average. Basedon pre. arid postfiight system

_t calibrationsandmonitoredIn-flight operatinSconditions,_he analog-to-dlsital conversion
error w_s_+296..ScanlvalveSamplingspeedwas foundto be significant only in shockareas.
A 6.9 kPa (l lb/ln2) _essui'e drop between the first 12 ports ant the last. 12 ports

introduced• _+1,96error. The accuracyof measuredpressur.eswasestimated to be +396in

low-pressuregradientareasand ,__96in _hockareas, il
;/

Static pressureorifices were installedon the pylonandcorecowlof inboardandoutboard

engines3 and_ and on the wing in the vicinity of both engines. Three rows of surface- !_

static pressureson the uppe¢surfaceof the wing and two rowsonthe lower surfacewere _:_i

Installednearboth engines,(t_s, J and6). Two rowsof surfacestatic pressureson each I

side of the enginepylonwere installedon engines3 and 4 (fig. 6). Finally, two rowsof

surfacestatic pressureswere installedoneach side of the enginecore cowl of engines3

and_ (fig. 6).

Surface-static preSsureorifices were installed flusll to the local wins, py[on_and core

cow_surfaceexcept for the wing-pressureorIflcest which were locatedover or aft of the

wine fuel tanks. In theseareas, pressurebe}iswere bondedto the wir_ surface andfaired

into the surface(ft_. 3_). The locationof the transition from flush orifices to _essure

belt orifices is decumer_tedfor eachwins pressuremeasurementlow (see table l).

To Improve the accuracyof actually locatlns a position of the pressureorifice on the

wing) pybr_,or core cowl, computer-generatedsurface-profiletemp_.tes markedwith the

desired orifice location.were used in re_tons experlenclns larse cha_es In surface

-_!: curvature.The actu_dlocatiotlolInstalledpressureorificesdeviatedInsome casesfrom

t:i the desiredlocation becauseof Interfererce with, for example, structural membersand
anti-icingducts. Actual locationswerecheckedagaina_ter installation. OrifiCe positions

'_: tabulatedin tables11 to 16 representthe actual Installedpressureorifice positionplugor

.. minusthe toleranceindicatedwith eachgroupof ceordlJlates.

" _'" 63
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Orifice positions on the ensine3 tan Inlet and cowl did not deviate from the an&ulaf

position of the profile. I_nslne4 tan Inlet andcowl orifices deviated from the ansular

positionof the profiles a maximumof ,2 des. Theother Sll;nlt|cantdeviationoccurredon
both engines3 and4 NAC WL 1_5 and 150 pressureorifice rows. The NAC WL values

", l " ' ' ' ' were within -*1.78cm (0.7 In).

i;i/ Additionalclarification of locations for tho. pressure orifices localied in the upper and

lower surface wl_ pressurebelts Is necessary. For belt.located pressureoOflces, one

pressureorlfb.e was allocated to one belt tulle. Becausethe belt tubes were arranSed

laterally to providea low ptofUe_the orifice lock,lens iiraduallydeviated laterally due to.

tube width, resuLtin&In Increaslnllorifice distance from _ start of the pressurebelt.
Table 17 p:esentsthe mannerand amountof deviation for eachpressurebelt orlt_e at a

slven WBI_. i

.1.3 TestCondltlemandProcedm

q.IJ.lFUShtlauds )

l
Testing for performancedegradationwas accomplishedin several well defined stases, i

Suchtestin8 wasnecessaryto measureensble clearancechangesresultlr_ from various f

tlisht maneuvers. Once the InstaUatlon and fabrication on the test bed aircraft was i
completed_an engJp_grouf_dcalibration was performed prior to the fur_:tlonalcheck !
fllt,ht. Thiscalibratloh enabledcornl_arisonwith the test standcalibrationsby P&W-Aand

provideda data baseline for the ILight test program, i

it was suspected_t the first. 195lossIn performancedue to engineclearancecheu_'es

occurreddurb_ the productiontlJSht test acceptance profile (f]8. 3_), Therefore_this

profile waschosenas the basisof the first test |[lSht and wasfo[[ow_ by a second8round

calibration.Subsequentflights centallted hJ6h-8tur_ atKI var_tlons In takeoff 8rou

weiSht. Under the test pla_ each seriesot tests requireda aroundcalibrationciter the

p_zrtlcularst:ties. Usingthesecallbr_tlons_performancedeterlor_tlenwas determinedfor

each series of tests. The final 8rou_l calibration was performed_ter completl_ all

flight testify. In alls five groundcallbratlor_ wereconducteddurin_ the NAIL flight test
_'_'::' pro||ram.

i°°_i il'
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:: Toblo 17, Lotorol Offset of Wing Proasuro Bolt OrossuroOriflco_

-_,.. From Wing Buttock L/no (Concludodj

" ,[

i:';: WBLBOg WBI.870
...... i i i iiJi

UPPERSURFACE LOWERSURFACE UPPERSURFACE LOWER.SURFACE

i
ii i i ii L I I I I

0.2000 0 0.,_00 0 O._)Oa 0 _ 0.2043 0
0.2260 -3 0.2600 -3 0.2260 ,.3 _ 0.2543 -3
0.24_ -6 0;30G0 -6 0,2500 -6 0.304'3 -6
0.3000 -g O,3BQ_) -g 0.3050 -9 0.3843 -g
0.3500 -12 0.4000 -12 O.360_ -12 0.4043 -12
0,40QO -16 u.4500 -1S 0.4000 -lS 0.4643 -16
0.4500 -18 0.5000 -18 0.4600 -1"8 0.6043 3
0.500{) -21 0.5600 3 0.471_i0 -21 0.6643 6
0.6250 3 o.6o0o 6 0.5000 3 0.6043 g
0.6600 6 0.6500 g 0.8250 6 0.6543 12
n.eooo g O,5EO0 g
0.6600 12 0.6000 12

' 0.7000 16 0.6500 1
0.7500 l& 0.7000 1E
0.8000 21
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J' 104 105

ii 100MaximumMoeh

107 hlfllghtrell_lht

108Maximumq 1.11Stallwarning
103Mldcllmb 1.08 (flsl_ 30)

SCaW.wart_lt_g.1lg
(flal_up) Stallwarning

(flaps10),

i(

113 Appr_ac=h _ii

t02 Lowclimb !_

, )I

101 114 11-5Time Touch TR _ i,,
Takeoffrotation andgo _ , !i

Figure 35. Acceptance Flight Profile ,. _
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The final test conditions(table iS) of the NAIL program result_ from compromise and

various{lightrestrlctlons.OrlslnallyNAIL was to be a standaloneflightprogram.

Howevertthe flighttestwas conductedconcurrentlywlth the 767/:JTgD-TR_test

program,which Imposedcertainflightrestrictionson RA00I. The most notable

restrictionsweretoremainw_thlnthe767designcruisespeedandMach number(VC and

MC) limits of 360kcas andM = 0.86 ur_tllthe corftpletlenof all :iT9D-TR_ test conditions
and tolimitnacelleloadstoi[0_ofthedeslSn[Imlt,Uponcompletionofthe3.T9D-7R_.

_osrar_ the 767designenv.elopeVC andMC limits of 420 kcasandM = 0,% were applied
to the NAIL program, ::

Several.restrlction8wereImposecton theNAIL progcam-notbeoause.oftheNAIL flight ,i
,i

test: _o_lle but.becauseof inclementweather (ke, rain, snow,katl, fos_ high wind; and. i!
wide variations In temperature). "Meisture caused"problems for the RAO0t in that onW

engine I. had thermal anti-ice protection. Therefore, no tiights were. conductedinto ._
,I

knownor suspected.Icingconditions. The pressureInstrumentation (fig. 36) wasriot to be _

exposedto visiblemoistureto ensurethat water did notenter the linesandfreeze. {!
f:

Use of laser probesfor detectionof enl;ineclearancechangesdictated adherenceto three

cOnditions_,that the nitrogen purgeandcooUngsystem operate wheneverengine3 w;ss _._

used, _at nitrogen, cooling be required for the camera environmental housingswhen ,i

ambientgroundconditionsdictated, and that the aircraft head_ prevent sunlightfi'orn

entering the inlet and lnterferir_gwith laser readings. ,,

Becausea functiohal,checkfight anda ferry flight to the remote test site were.required ;

prior _oany NAIL da_. collecflocLefiort, It wasneee_y to restrict the level of.pewer to l
preventperformanceb_ses In the analytleal}_ built-engine3, Therefore, all.fl_h.ts prior j
to the first dct¢ fllE_t were limited to an enginepressureratio (EPR) of 1.18 wl_h no

' bleedsduringtakeo4f ar_-tn_i_Abted-a-_cked throttle climb to t0 000 ft at which time

ilo¢_d opetatlohresumed.

As a.resultof theconcurretlttestlnllprograms,datawere takenover approximately33

hoursof fight time Insteadof over the initially planttedl_-hour maximum. The increased

flight time resultedIn a substantiallyiarl[.drquantityof data to surveyat¢l select from for

analysisand provided-additionalconditionsfor analysis. The result of this concurrent

i. testing _vasthat add[tlotlal data were obtained, yet fllgllt hourschargedto the NASA

.... programwere considerablyfewer than planned.
i'
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Table18. TestConditionsFIQwn OF POORQUALITY

, ..... JI .

Pl'e_um
• ,. Talltaondltlon Te_tno, Eventtime altltudo,ft M

; i01 (_12Kgros_weighttakeoff(fl_pt20) 273,7 6:41:44 2 683 0,260
101 538K_lrosswatghttakeoff (flaps10) 273.10 9:44:10 2 687 0,230
101 647Kgrossweighttakeoff(flaps10) 273.11 10:13:62 2 034 0,264
118 780Kgrossweightsimulatedtakeoff 273.16 8:13:10 3 646 0.206

•,, (flap=lo) I iii I iiiii

i02 Low=limb 273'10 9:46:00 5 861 0,307
103 Midollmb 273-7 7:28.'_ 17 187 0.Blig
104 HI(IHM orul_ 273.7 7:49:28 38 481 0,869

_, 10B LowM cruise 273-7 7:68:40 35 812 0.772

=_:;;I 106 I_x M. 273-15 12:09:27 38 978 0,90(_107 Infl_lHttellstl_t- 213-7 8:12:83 27 889 0,721
: ! tO8. Msximumq 273.18 1.1:38:00 24 813 0.838

'_ 109 8tall,wam_g(fl_mup) 215-7 8:18:68 18 964 0,331
_ 11_ Stairwarning(t,a1_10) 273-7 8:22:2e 18 2_9 0.3¢7
: 141 Stallwamln_l(flaps30) 273.7 1I:24:62 11048, 0.270

•!_ 112 k_;e.cle=:e_ 273-7 8:_:Be 8 460 0.439
1"13 Approaeh 273-7 8:34:27 8 003 " 0.26E;
114 Tou(:hal_l'ge 273-7 8:40:38 2 681 0.2(13
1_!E ,Thrust,r_vetp 273.7 8:48:00 2 881 0".t78
116 _.09le_tturn (ii'ap4up) ' 273.1_ t3:33:68 ....... 8 397 0.487
lt7 1,69leftturn(flaps30) 273-1"0 13:41:07 8 202 0.2_0 j_
1.20 2.09rightturn(flap=up) 27_J-15 11:04:03 I_240 0A76 J121 1.6gright turn (flaps30) 273-15 11:07:28, 8 278 (1.266
i2"3 Airplanestall .... ' 273'-10 13:26:17 9 000 0.207

,. !
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i-. q.i..1.2 InstalledPropulsionSystemAerodynamics
i'
!.
i.

Four test conditionswere flown durlns the [PSA prosrara. The test conditionsincluded

level flil_ht at M = 0.77, 0.80, and 0.86 and at M _ 0.91, a condltlot_ theft required the

airplane to be put into a shallow dive. The test conditions flown at M = 0.77, 0.86, and
0.91 satisfied the contract commitmentand were .coincidentwith fllsht loadconditions.

I."

' ' , All test conditionswere flownat a representativecruisealtitude.t:
t

and. calibrations of thei! Preflight postflliht press_e measutinSsystemwere performedfor

Li each.test fllllht. During a test fUght, sevenfl4ht conditionparameterswere monitored

_: online with-a multlchannelpenrecorder. Theseparametersincluded|JlShtMath number,
' ambient total tempercture, anSle Of attack, heading, pressure aititude_ sideslip, and ':

I:
Inboard aileron position. These pacameterswere used collectlvel.y to determine the _;

!i: stability o_the airplane prior 1:oand during the recordln8of measuredpressuredata. In _

•", each parameter, the deviationsallowed for.approxl,_atelya 30-sec perioddurkn_whiGh
• . j

:_ measureddata were recorded; thesedeviationsare:

i_ Machnumber +_0.001 I

_' Ambient total temperature +_0.i°C '

_:!. Angleof attack +_0.2,deg
Heading +..0.2de8 I

Precsurealtitude __3.048m(+_I0ft)

Sideslip +0.2_dog

_i.i' Aileron position __Id.
].:.

mode. !

t
_' I

_:,.:: l_acauseall measure, pressuredata were acquired durin_ cruise conCttions,no wing 4,
l(_adi_- or trailing.edge devicesmat wouldaher _e basic,wL_ geometry described ;n

t;,bie I were deployedwith the excel_ion of the inboardaileron. In cruise, the inboard

_ii aileronprovldedsmaU-atnountsof roll conO'olandwascomblnedwith variousamountsof

I mldspan spoiler deploymentfor larlior rolling moment Inputs. During data re<;ordlngs,"! somesmall aileron de_lectlohs,well below those levels causln_ limited sillier deploy-

_:: men,, were required to maintain level flight. Accordltlgly,this small amoullt of inboard

_ , aileron deflection effectively chan_edthe local wing catnberat WBLs_, _70, and ._10.

i \ ...... '
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For reference, the geometrical arrangement of the inboard aileron at WBLsof _5 and

;5i0 Including the wing line location is presentedIn table 19, The outboardaileron wa_

locked out during cruise and therefore was an Inactive control surface at 0.de8
deflection.

_.1.4 Test Data Format

The data collected durinll the NAIL program required careful use of the airborne data

analysisandmonitor system(ADAMS)ando_the flna_data system. Of _rticular concern

wasthe ability to auess rea_.tlme data qualityfor.flight declslor_tbecame1025chanrtels

of measuremen, were beingmadeduringthe combinedtest programand"noground.based

analysissystemwasavailableat the remote site. tt wasnecessaryto sendthe flight tape

to Seattle shortly otter completionof the day's testing. This requirement did not allow

rerunningthe tape on the ADAMS. Therefore, essentiallyaf_decisionswet= basedulX)n _I,=

rea_-time data obtainedfrom the ADAMS during flight. Further developmentof the

onboardADAMS andthe combineduseof the fla_ddata systemin conjunctionwith the i
flight test interactive graphicsdata analysis ([GDA) site aided in coping w_th this I

problem. I

The basicADAMS (fig. 37)couldnot handlethe volumeof data required by the 3TgD-7R4 "

and NAIL programs. The expandeddata handlln8 capabilities of the analysis groups i
doubtedthat of the basicsystemby usinga secondADAMSonthe RAO0h Thequantityof
data collected duringthe programrequired system modification tn order to minimize

testing and preflight de}ays. These modifications to the onboard flight test system.

(fig. 3$) providedadequate remote-basesupJ_ortto the flight test program, Several

hardwareandsoftware,chanllesto the basicADAMSwere implementedto accomplLshthis
support.

Two other slgrdflcant hardwarechangeswere made to the basicADAMS. First, a fixed

headdisk for..p.rosramand measurementlrdo_lation storage was used..The fixed head

disk eliminated loadtngo_ l_orrnation throughCartrlfges each 11methe system was

broughtonline. Thisimprovementwas.vital becauieactivating the systemrequired t to 2

rain rather than 15 rain as projected,based.ohthe numberof measurementsreqgired. A
IS-mitt delaywas unacceptableIn term_ of cost, it the systemshouldmalfunction once

airborne. Further, rapidselectionof preselecteddata sourceswasalso a requirement in

,: view of the quantityof data being measuredandthe concurrenttest program to permit

_r 72.!
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_.; :_ the test engineersto track their respectivedata, _=_ondta data measurementselector
_++ was incorporated into the ADAMS. This was n_:e.ary _cause approximately 1023

_:,,j;: measurementswere obtainedduringthe flight test, The data measurementselector sent
!::".',i dat_ preselectedfor outputto the disltal-to-analog cunverter,
,- ,rl,:

_:ii The original ADAMS software could not supportthe NAIL proEr_mduring remote base

operation.. An onboardpressurecoefficient (PC) programwaslackin8,and thusdevelop-

ment.of an interim programthat satisfied the needsof anaJ,ysb was necesssry. The PC

program wasdevelopedto usethe Brushrecorderas a quasiSraphicssystemand.to usethe

line.printer for summaryou_uts. The prqram couldcalculate p.ressurecoefficients for

up to t6 measurementIlroupswith a maximum.04 20 pressureportseach. Theoutput,of

the prosram was displayed an the Brush recorder while a _mnmar¥ table 04 port

differential pressuresandp_eltst.recoefficient valueswasprintedonthe line printer, This

information,was output either continuouslyor.uponkeyboardcommandfor a predeter-

mined time interval, The proliram providedreal-time information for determining da.ta

quality andfor rnakln_decisionsonsubsequenttest condltlo_ls.

Data were SuppltedIn the forms of tables, computer_enerated8raphs,and data flies on

masnetlc tapes. Table 20 is an example of a pressurecoefficient data table. Engine

performamceand fuel flow examplesare given In tables 21 ,J_d22. An exampleof an

engine clearancedata table iSgiven In.table 23. FInally, table 2_ is an example of a
turbine case temperature table. The mal|netlc tape data flies Includedall the above

examplesandbasicairplane data for all fliSht conditions,plusaccelerationdata for the
heavyweightlanding.

_.2 TEST RESULTS

 .Z.l Aerody   m cand [aa

4.Z.I.I AerodlmmmlcL,oMs

Pressureswere measuredat 2J12ports 11112 rows nominally30 de_ apart on the Inlet and

fa_tcowl of eng_e 3. The actual specir_ varied sllShtly |or some ports becauseof

installation andarrar_ement requirements, (See AppetcllxA for details.) Fourteen ports
were foundto havedefectiveor doubtf_dtral_sducers,andthe indicated pressuresot those

ports were not used. Pre.ufe data are pre_nted 8raphlcally and In tabular form In
- AppendixA.

75
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To compute resultant alrioads from the I_sure data, a previously developed computer

pr_gram was used, It _pproximate_ the inlet and cowl geometry a8 a series of conical

_.'u_t==msand adjusts for the rUt of the inlet axis with resider to the nacelle centerllne by

lmert, ion of wedge-shal_d surface, This procedure was checked by comparison to a

ft;ethod baaed on a complete three.dimensional geometry definition, Resultant forces

_iffefed by less than 3%t and resultant yaw and pitthlns moments at the engine face

dP.?='ed by less than i%. (Rollins moments differed by 3,J% but are not slsnigicant

loads.)

Plsure Y) ,thews the coordinate system/_or the resultant loads,

Table 2_ _ves resultant loads alonlLwith key alrpiarte and _sine l:_u'ametersfor 23 flight
cont_tioN;.

TaJc,_f=v-Four takeoffs-one at flaps 20 dog and 612 000 lb gro_s welSht a_d three at

:<lal_ 10 dog and gross weLgl_tsof ._38000, 647 000, and 780 000 tb (slmulated)-were

s_iected for detailed loads analyses. For two takeoffs, time histories of resultant loads

vere calculated for the Purpose of correlating maximum clearance changes, whenever

they occurred, with the aerodynamic loads. For the 780 000 lb takeoff, which was
i

simulated by a pullup manuever at i000 ft above 8routedlevelj the analysis was done at

the instant the corrf..-'t airplane lift coefficient was reached.

The flapS 20 dog, 612 000 lb gross weight takeoff was the initial takeoff for the entire

_est program. Peak load was reached at Inter-range lnstPumentation group,master clock

(IRIG) time 6:_l:_lt. The pitching moment at the A-flange was 329 000 in-lb. ::

l_he _38 000 lb takeoff occurred dur_nstest 273-10, and the time history covers the IRIG I
span of 9=_:00 to 9:_t_:li. T_me _stories of A-flange pitchln8 moment and airflow sensor I

vane anSla* durinll the takeoff rotation are given in fisuce _0. the direct relatior_hip of

load to flow anlge is evident. Also note that the maximum moment for this condition

(_01 000 ln-lb) is cof_iderabty higller than the maximum for the flaps 20-dot, takeoff,
table 2_.

*The airflow septet vanes are mounted on both ald_ of the fuselage near the flight deck.
The flow angl_= indicated by the vanes are influettced by flap settlnS, win8 upwash, body
crossflow, an_ other factors and shouldnot be cohSt/'uedas airplane an_Jeof attack.
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L:_:I ORIQINALPAQE
i". ; OF POOR QUALITY

,_ Table 25. Engine 3 A.Flange Resultant8

:, Air. IPreuureMash ReferredLOad Mx, My,

i Corldlllon speed,altitude, Ilutftbet81rflow, _or, Fx, Ib Fy, Ib_"",. KCAS rft Ibis
In.lU In.lb

," 101 6"12Karouweighttak4eff I .... ......
::i!_ (flaps20) t_.8 ;L563 0.250 11_1_ 1.14 6001 -2754 -147 738 -328 180

_:-'/'i"i 101 636KcroSSWeighttak4off
(fl_s 10) 161,01 _1_7 0_231t. 1627 1,26 7197 -2916 -162 292 -400 766

B:i_!:, 101 647K_ols weighttakeoff

"*:.: (flal_Sl0) 1(10.1 2634 0,254 1624 1,17 7021 -3112 -160 325 -424"067
il_'. 118 780KOrOISweightslfftu.

fatedtakeoff(flal_'101 .... 3,84,6] 0,.,-_-- 1673 1.20 8344 "_7 : " I _ 048 _30 164 r

,,...._, 104 HlgbMaruim 384611 0.659 1633 2469 .-1023 - 36317 - 594_1
.:'i 106 LowMeruim 35512i 0;772 t604 -1131 - 42237 -108 160
._'_. t

106 M_xM 38676i 0.906 1642 -464 - 16716 + 1fl317
107 Inflightrellght 276_; 0.721 13_ 3271 -736 - 25639 - 0484/

_.;_ 108 Maximumq 24613 0.836 1617 -i410 • 984 29 980 98 411
=_il 109 Stallwarning(flapsup) 16 964 0,391 1591 5437 -1384 - 63 775 -24;3214110 Stallwarning(flaps10| 16 239 0.347 1621 6229 -2142 - 97 024 -304 770
_;, 111 Stallwaming(flaps30) 17049 0.270 1633 3827 -1292 -72693 -220730

112 Idleducent 8450 0.438 748 4130 -1124 - 29669 - 97234 ,
113 Ap_oach 6003 0.265 t547 3707 -1411 - 71607 -201 654

114 Touchandgo 2 981 0.283 1580 4368 -2321 -125 622 -241 654 _

115 Thrustreverze 1132. 2561 0.179 1359 _ 44 - 10- 117298 -40965
116 2.0glefttum (flal_Up) 277_ 8391 0,487 15(J2 1,99 7212 -3459 -133292 -264 188
117 1.6gleftturn (flaps30) 143,0 6202 0,260 1539 1,61 5293 -3872 -191 221 -28_667
120 2.Ogrighttum(flal_uP) 272,1i 8240 0,476 11"98 2,04 7834 -1629 -47455 -239461 ¢

.__. t21 1.6grighttum(flal_30) 161.31 8278 0.288 1435 1.80 6416 - 369 - 10108 -282023 !I .....
-_;: 123 Airplaner,all 116.7 90t_ 0.207 1861 8072 -1813 - 8_ 181 -386618

_" I

)::,::!r -

, : I
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-:./ The-6_7 000 lb takeoff occurred during test 273.1! between IRIG time 10=13=#6and

": t0=t3=5_. The pitching moment time history (fig. _1) shows that the maximum aero-

_ dynamicload occurredat IRIG 10s13s52,with a nose-up momentof #25 000 ln-lb. The

_ loadfactor was hi 78. .... !.: j

The simulated highgrossweight takeoff occurredduringtest 273.15 at IRIG 8=t311$.The ,

actual &rossweightwM 696 500 lb. The simulationwas achievedby performinga pullup

,i starting at i85 kn and 36_6ft altitude (about t000 ft above_ound) to producethe same
._

airplane ll|t coefflr3ent that would occur durinl; a 150 000lb takeoff. (1'he original
intention was to simulate an S20 000 lb-8_oss weLsht takeoff. However, Lnsufficient

::: allowancewas made.for speedreductiondue to increasingclimb gradient In the puLLup i!
maneuver.) Themomentat the A-flange was#30 100in-lb. !i

i

Other Case_Airloads for conditionsotherthan takeoff were generally of substantially !ll
lesser magnitude. However_certain caseswere analyzed in greater detail becauseof !i

: possibleadversecombLnationsof aerodynamicloadsandthermal transients in the engine. :;

i_: Figure#2 showsa time historyof the p._tchit_gmomentat the.engineface, enginealr_low,

_ and body vane angle for condition 110 (staLlwarning l0 dog flaps). The maximum

": moment (30_ 000in-lb) coincidedwith maximum engineairflow, althoughthe maximum Ii

vaneangleoccurredearlier in the maneuver. The result showsthat engineairflow is of !i
::!( ,:comparableimportanceto angleof attack in determiningInlet airtoads.

::. Other casesgivenspecial attention were the turns at constant altitude to achieve a I
_peclfied load factor. Engine clearancechangesd_ing these maneuverswere due to a
combinationof aerodynamicloads_g-toads, and gyroscopic loads. Condition 1i6,

: nominally a 2g turn to the left, was run duringtest 273-i0 andachieveda.toadfactor of
• t.99 at [RIG t3:53:J_. The A_flange momentwas 264 200 t_lb. The indicatedpitch rate

;_ waS_,29 deK/sandthe yaw rate was about 2.9 deE/son both engines. A 21Lturnto the

.... ril|h¢wasperformedduringtest 273-15 (condition120)at IRIG lhOt=0:3. The momentwas
239 _00i_lb, pitch rate =¢as_.J deEjs_andyaw rate was 2.8deE/s.-.Turrsof l._ at fla_s

30 deE. wer_ performed to the right and to the 1oCt- The left turn occurred,during test
273-i0_ IRZG 13=#l_0/---(condittoll117) with a moment of 211#_101n-lb_ pitch rate of

(f._deg/s_ and yaw rate of _.7 de_/s. The tiE,it turn occurred during test 273-i_
(condition12t) at tRIG 1tt07=2_twith a momentof 252 000lfl-lb, pitchrate of 7 deg/s_and

yaw rate ef _.1 deE/s. PinaLly, an alrp|ane stall occurredduring test 213-10. The

momentpeakedat 3(;7000 In-lb at tRIG 13t26tt6. Thisrelatively highloadlevel resulted

from a veryhigh attEJeof attack.o
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!
In .this section all loadspertain to engine 3. Preliminary review of the test data.indicated

that the pressur_ on engine # were very close to the prassures of engine 3t implying that

. •. the loads were a_ut equal, ComparLsonof the aerodynamic loadsdetermined In the NAIL

program with the loads predicted In task IlIA of the 3TgD diagnostic program (ref. 2)p

Indicate that= ,.

' o The mo_t critical lo_ds were higher than predicted because of higher angles of

" attack than had been expected,

i: o The cosine law for the circumferential, pressuredistribution assumed,l,ntask IlIA Is.a

' only = rou$1_approximation of the actual distribution, especi.agy in the critical

: region ne_ the hi_;Mlgl_t,

-21: o The phase angle of the costhe ¢Bstribution is abou%20 de8 from the vertical near the

"; highlight and further Into the inlet apw.oaches0 deE.
'?" 'l

_'! _.2.1.2 _wtlat Loads

-_" Normal accelerations measured during takeoff and flight did not exceed 1.38 except

';_ during the high-g turn maneuvers. No significant turbulence was experienced during the

_-_ NAIL program. The difference between g-loads measured at the airplane center of

-_; ' gravity and those measured on engines 3 and ¢ was witl_ln the scatter o_ the data, In
=pi
__._ other words_the ir_truments respondedonly to steady-state accelerations of the whele

_; _ a_rplane,experiencing no significant contribuflor_ from wine or nacelle flexibie modes.

An exception, to the steady-state acceleratlo_ occurred, dur{ng a hard. landing _n test

'_ 273-l'_. The alrlNane lande¢l" al 690 000 lb gro..welght wlth 297 000. lb fuel and a sink

_ rate of aQproxlmately lOft/s. Touchdown occurred at-IRIG 8:20:¢9. Vertical

acceleration at the a_rplanecenter of 8rarity was l._, with peal_ of 2_ at e_[ne # and

_: 1./8 _t .engine _. This case was ._etected for. dynamic analysis. Another exception

,; occurred during test 27_10 during which a mud' gust was encountered at IRIG |2:1h_2.

, Normal acceleratlon_ were h0$g at the =drplanecenter of _avlty and l._ at the engines,

' • Details of all these case_are sho_n in AppendixA.

' i Pitch rates during takeoffs did not exceed 3 de_/st the peak value _lng achieved before
" _ reaching the maximum load _actor.

F
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i 0.2.2 lllgadledFtopu_lonSystemAerod)_unlcs

i Surfacestatic pressuresweremeuured on the nacelle andpylonot engine ) (inboard)and

,' enBlno4 (outboard)and on nelShborinswins sur|gcesdarinS three separatetest fl|Shts

over the spanot the test perled. The lnlt|al fl_ht, test 27).09_acqu|reddata at M s 0.7?,

___, 0.80, and 0,$6 and revealedinstrumentationproblems,whichwere partially corrected tor
_- a secondilJSht, test 237.12. The third tJlliht, test 27_.1_, was flown pr|marl|y to fulfil!

_,: the remaJnlnsNASAcondlttons_wl_ch includedM • 0.91 The M • 0,91 {e|t wasnot tlovm•, .' i)

_! ..... untUthe end ot the NAIL prnsramwhenthe speedrestriction wasremovedr.oncerninsthe
•.,, other 5reins developmentalprqLrams...

/•!

:?,_._ Data plotsot the tonsured pressuresare presentedin Appendix6.

).' -_

1
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_PENDIX A

"_ L.O Preuuro=

The toc_tLonsof pressurepartsen engine3 are shownIn fable A-I.
t

The coordinate system is shownin figure A,,I. Thearc Lengthfrom the highlightto the

port underconsiderationsis denotedl_y"s," Positive valuessiEnlfy an external_rt and

no@fivevalue=signifyan Internal port. i
t

The 0 coordinateIs the azimuth anltlemeasuredfrom the top andclockwise lookir_ at the i

Inlet from the front.

A distinctionwas madebetweennominalvaluesandactual valuesof s and0; Thenominal _

valuesshem and 0nom are convenient for the computerizedplotting of the data. in
practice, installing the pre_ure ta_ at the nominalLocationwas not always possible
becauseoJ structural Interferences. Consequentlythe actual s and e are also Listed.

5mall discrepanciesIn actual pressurevaluesresultingtrom these location sniffs were

accountedfor by interpolationin the pressureintegrationprocess.The axial coordinatez

(the normaldistancefrom the highlightplane)is alsolisted.

Severa_pressuretranducersgave unreliableor obviouslyerroneousreadings. Therefore,

pressureswere determinedby averalIin8valuesmeasuredat adjacentportsusingsuitable

• _e_ghtin8|_ geometric relationshipS, The poetstot which_uchsystematicsubstitutio_s

weremade are listed In table A-2. Pressuresthat.still appearedto be erroneousafter this

substitutionwerecorrectedmantJaliyI_fore they wereplotted.

A complete de_ctiptionot the pressuredistribution _unttlon p(s,(t) at any _lnt on the

,, inlet LsrequLredto ohio,In inlet ioad_throuSh_tefp'_tLon. Be¢_ piPe=lurewas measured

only at the pressu¢etapst an _terpelatlen schemewas neededto determinethe.pressure
at etheelocations. In the circumferentialdirection the Feurler,l_esselformula wasused=

p(0)= % + z_ =os(,e) + z 9n =i..(n¢)

\
..... A-!

............. .... 00000002-TSAr2



i/ Theuse of this formgl_ lead, to _ p(0) fgnctlon.th_tfit_ everymesA,redpoint-exactly and
,= ensuresm_ximgm_moothne_ain between. In the s.direction a linear interpolation w_

: .sod betweenmeasuredpeint_,

The coefficients An andBn for all flight conditionsare listed in tables A-3 to A=25. (Note
': that in the lip area, 12coefficients are tabulated, becau_0-pressureswore measured_t-t2
:= e values. Elsewhemtonly s_xcoefft_ents are available,becauseon=ysix 0 v_lueswere ..
=_ I_s_umented.)

_ ! The-_xlaL pressure distributions for-each |USht condition and.v_lue of _t ar_ shown

i'iI tp'aphlcally _ flllures A*2 to A-_1. The pEeuuresare plot.ted in terms of pressure

T

/
ceetficient versusnominal arc lengths. Eachflll_ht condition,is coveredby two paSen,one _

_:!=,.:, (inlet pressures)portal,ring.to the rows o) pressureports that extend all the way Into the

:_;, Inlet (i.e., Et= 0 deg_60de_) and the.other (cowl pressure_)pertainingto the rowsthat

! _I extendto the trailir_ edgeef the fan cowl(i.e., 0 = _0deE,90 deE).

i _ On engine _, pressuretaps were installed at three circumferential.locations, 0 = 60d,,

; ;_'_i1" t
_ 180deE,and300deE. Axial pressuredistributionsare shownIn figuresA._8 to A-70. No

i_i_! Fourler-BesseIcoefficients were calculated for this engine becauseno intel_ratlonwas i
,_ carried out. The pressureswere measuredmainly for the purposeof comparisonwith

_ 1
_1 engine 3 pressures.Note that for someof the test condition.*the power level of entwine
_1 wascor_slderablydifferent from enltlne3.

'_r,!
_i'i :_l' INERTIAL LOADS
,I, I

_ Recordedaccelerations on inlets and.strut-wing lntersectlot_ are presented in _igures
:_i!_i A-71_ to A-8_ _or both er_,_ea for cen_tlons when dy_amlc&lly interestlr_ events

"_ occurredt
: _ .I

_:t e MilrLILu¢tduringtest 27_L0

e Hard landltt4_d_ring test 27_I-I_

": The graphs show airplane parameters mess=red at airplane center oLgravity and _ngine
: accelerations and. a_ular rateS. Engine accelerations were filtered to pass only

: frequenciesbelow_0 Hz. Pitch anti yawrates were filtered to ._Hz.

_ii . A-2
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